To determine the accuracy of specimen radiograph in predicting ductal carcinoma in situ resection margin status during radioguided occult lesion localisation. Methods: Retrospective review of cases of stereotactic radioguided occult lesion localisation for radiologically indeterminate-to-highly suspicious microcalcifications from September 2002 to May 2014 in a regional hospital was conducted. All patients diagnosed with ductal carcinoma in situ histopathologically with a specimen radiograph for review were included. An anteroposterior specimen radiograph was taken for each lumpectomy specimen. Retrospective assessments of the radiological margin, defined as the shortest distance from the outermost microcalcification to the specimen edge, in the superior, medial, inferior, and lateral borders were made. Results were correlated with histopathology findings in each border, where resection margin status was defined as positive (≤2 mm), close (2.1-5.0 mm), or clear (>5 mm). Results were analysed by Mann-Whitney U test and receiver operating characteristic curve. Results: A total of 24 radioguided occult lesion localisation procedures revealing ductal carcinoma in situ in 23 patients were included. Among the 96 borders assessed, 12 and five had positive and close margins, respectively. Significantly smaller radiological margins were seen in borders with positive pathological margins (range, 0-17.5 mm; mean, 8.7 mm) than in those with close/clear pathological margins (range, 4.8-45.8 mm; mean, 20.1 mm; p < 0.001); and in borders with positive/close pathological margins (range, 0-17.5 mm; mean, 9.1 mm) than in those with clear pathological margins (range, 5.1-45.8 mm; mean, 20.7 mm; p < 0.001). Receiver operating characteristic curves were plotted from these results. The areas under the curve were 0.87 (95% confidence interval, 0.78-0.96) for positive margins and 0.89 (95% confidence interval, 0.82-0.96) for positive/close margins, indicating that radiological margin possessed good discriminating power for predicting resection margin status. From the receiver operating characteristic curves, a 15-mm radiological margin had the highest combination of sensitivity and specificity for predicting a positive margin (91.7% and 75.0%, respectively) and positive/close margin (94.1% and 73.4%, respectively). A 5-mm or 10-mm radiological margin resulted in higher specificity, while a 20-mm radiological margin had higher sensitivity. Conclusion: Radiological margin assessment on specimen radiograph during radioguided occult lesion localisation showed high accuracy in predicting resection margin status in ductal carcinoma in situ presenting with microcalcifications.
INTRODUCTION
Breast cancer is the most common malignancy in women, accounting for 26.4% and 25.2%, respectively, of all newly diagnosed malignancies in women locally and internationally. 1, 2 With improving public awareness and increasing availability of breast screening, there has been a substantial increase in the incidence of ductal carcinoma in situ (DCIS) in recent decades. 3, 4 Locally, DCIS accounts for 28% of all newly diagnosed breast cancers according to a large-scale opportunistic breast cancer screening programme. 5 Most of these DCISs are clinically and sonographically occult (80%) and require stereotactic-guided hookwire insertion or radionuclide localisation for pathological diagnosis and operative treatment planning.
Breast-conserving therapy with lumpectomy and radiotherapy as treatment for DCIS is well established. [6] [7] [8] [9] Resection margin status is shown to be one of the most important prognostic factors in predicting future tumour recurrence. [10] [11] [12] If histopathology shows a positive resection margin during the primary surgery, patients will undergo a second operation for margin re-excision, which can lead to negative cosmetic, psychological, and economic outcomes. 10 Therefore, achieving a clear resection during the primary surgery, while maintaining an optimal amount of tissue for better cosmetic outcome, is of utmost importance.
The tendency of DCIS for multifocal and multicentric disease, however, renders achieving clear resection margins a challenge during the primary surgery. 13 A large portion of clinically occult disease further increases the difficulty of complete surgical resection. 
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Previous studies have shown that 48% to 72% of patients did not have clear resection margins after the primary surgery. 14, 15 To improve success in achieving complete resection, various methods have been proposed for intraoperative assessment of the resection margin. These include intraoperative frozen section, imprint cytology, ultrasound, radiofrequency spectroscopy, and specimen radiography. 11, 13 However, there is currently no standardised intraoperative evaluation for DCIS. 14 Specimen radiography is often being utilised during hookwire or radionuclide-guided localisation for clinically occult breast lesions undergoing operation. 16 The primary aim is to ensure that complete removal of the targeted lesion is established. 17 However, its accuracy in predicting resection margin status remains controversial and there are no representative local data available.
Therefore, the aim of this study was to determine the accuracy of intraoperative specimen radiography in predicting the resection margin status in DCIS presenting with microcalcifications in patients with clinically occult DCIS who underwent radioguided occult lesion localisation (ROLL) lumpectomies.
METHODS
A retrospective review of 94 consecutive stereotacticguided ROLLs performed on 88 patients in a regional hospital in Hong Kong from September 2002 to May 2014 was conducted. DCIS was found in the specimens of 31 (33.0%) stereotactic-guided ROLL procedures and were included for further analysis. The remaining procedures revealed the presence of benign diseases (n = 50) or invasive ductal carcinoma (n = 6). There were also seven procedural failures due to unsuccessful localisation of target microcalcification by radioisotope.
Among the 31 procedures showing DCIS, 7 were later excluded due to unavailability of specimen radiographs for assessment. Patients' background demographics, preprocedure mammographic findings, procedural details, intraoperative specimen radiograph findings, and pathology reports were analysed.
Preprocedure Mammogram
Preprocedure mammographic findings and locations of the lesions were recorded. Mammographic findings were graded according to the Royal College of Radiologists Breast Group breast imaging classification. 18 Findings were graded into five categories according to the level of suspicion for malignancy and the need of further investigations ( Table 1 18 ).
Radioguided Occult Lesion Localisation Procedure
ROLL was performed under stereotactic guidance for clinically and sonographically occult indeterminate-tohighly suspicious microcalcifications ( Figure 1 ). All procedures were performed for diagnostic intent without preprocedural pathological diagnosis. Stereotacticguided ROLL was offered to patients when the target microcalcifications were clinically and sonographically occult and technically difficult for stereotactic-guided biopsy.
The mammographically detected target lesion or cluster of microcalcifications was located using a stereo pair of images obtained at 15° by a mammographic machine. A 21-gauge spinal needle was inserted at the designated region and technetium-99m macroaggregate albumin was injected into the lesion site. This was followed by injection of 0.1 to 0.2 ml of radio-opaque nonionic iodinated contrast to confirm the correct location of the radioisotope placement without inadvertent erroneous intraductal injection. After a successful ROLL procedure, the site of the lesion was identified by a hand-held gamma probe during operation. The lesion was excised and complete excision was confirmed by the absence of residual radioactivity in the surgical bed.
The surgical specimen was then transferred to the Category Level of suspicion for malignancy 1 Normal There is no significant imaging abnormality 2
Benign findings The imaging findings are benign and further investigation purely on the basis of the imaging findings is not indicated 3
Indeterminate / probably benign findings There is a small risk of malignancy, and further investigation is indicated 4
Suspicious of malignancy There is a moderate risk of malignancy and further investigation is indicated 5
Highly suspicious of malignancy There is a high risk of malignancy and further investigation is indicated Department of Radiology and an anteroposterior intraoperative specimen radiograph was taken. The orientation of the specimen was indicated by placement of stitches or surgical clips at different borders during the operation. The preoperative stereotactic-guided ROLL and intraoperative specimen radiograph were assessed by the same radiologist to verify the inclusion of the target lesion in the excised surgical specimen. The findings from the intraoperative specimen radiographs were immediately communicated to the operating surgeon.
Intraoperative Specimen Radiograph
Retrospective analysis of all intraoperative radiographs of the ROLL-lumpectomy specimens was done. The radiological margin was measured in each of the superior, medial, inferior, and lateral borders of the specimen, which was defined as the shortest distance from the outermost microcalcification to the edge of the specimen (Figure 2 ).
Histopathology
The histopathology results were reviewed and analysed for each specimen. The size and grading of DCIS were documented, and coexistence of any invasive carcinoma component was recorded. Grading of DCIS was made according to the Van Nuys classification.
The pathological margin status was documented in each of the superior, medial, inferior, and lateral borders in every specimen. The margins were categorised as a clear, close, or positive margin -a clear margin was defined as more than 5 mm of margin clear of DCIS involvement; a close margin was defined as presence of DCIS involvement within 2.1 mm to 5.0 mm of the resection margin; and a positive margin was defined as presence of DCIS involvement within 2 mm of the resection margin.
Statistical Analysis
Results of radiological margin measurement on intraoperative specimen radiographs were correlated with the pathological margin status in each of the borders for every specimen. Statistical analyses were performed using the Statistical Package for the Social Sciences (Windows version 19.0; SPSS Inc, Chicago [IL], US). A p value was calculated by Mann-Whitney U test for any statistically significant difference in radiological margins between borders with different pathological margin status. A significance level of 0.05 was used.
In addition, receiver operating characteristic (ROC) curves were plotted according to the radiological margins and corresponding pathological margin status for each of the borders. Two ROC curves were plotted for the presence of (1) positive resection margin (DCIS involvement within 2 mm of resection margin) and (2) positive or close resection margin (DCIS involvement within 5 mm of resection margin) on histopathology. The discriminating power of radiological margin assessment in predicting resection margin status was determined by the area under the curve (AUC). The sensitivity and specificity of using different radiological margin cutoff values in predicting the resection margin status were also determined from the ROC curves.
RESULTS
A total of 24 stereotactic-guided ROLLs in 23 female patients were included. Patients' ages ranged from 33 to 73 years, with a mean of 52 years. 
Preprocedure Mammogram
All patients underwent stereotactic-guided ROLL for microcalcifications detected on a preprocedure mammogram. The characteristics of the microcalcifications are summarised in Table 2 .
All microcalcifications were graded as indeterminate (category 3) to highly suspicious of malignancy (category 5) according to the Royal College of Radiologists Breast Group breast imaging classification. 18 Indeterminate (category 3) lesions were most commonly seen.
Most lesions were located in the upper outer quadrant. Similar left and right breast involvement was observed.
Histopathology
The histopathology results are summarised in Table 3 . Intermediate-grade DCIS was most commonly seen. The maximum dimensions ranged from 1.5 mm to 4 0 . 0 m m . A f e w p a t i e n t s ( n = 4 ) h a d s m a l l e r components of co-existing invasive ductal carcinoma or invasive tubular carcinoma on histopathology. The maximum dimension of co-existing invasive ductal carcinoma ranged from 1.5 mm to 5 mm, and coexisting invasive tubular carcinoma measured 1 mm in maximum dimension.
A pathological clear margin was achieved in 79 (82.3%) of the 96 borders assessed. Twelve (12.5%) positive margins and 5 (5.2%) close margins were found on histopathological assessment.
Intraoperative Specimen Radiograph
As shown in Table 4 , borders with a positive margin on histopathology (DCIS involvement within 2 mm of the resection margin) had a significantly smaller radiological margin on intraoperative specimen radiographs than borders with a close or clear margin (p < 0.001). The radiological margin for borders with a positive margin on histopathology ranged from 0 mm to 17.5 mm (mean, 8.7 mm) and borders with a close or clear margin on histopathology showed a radiological margin of 4.8 mm to 45.8 mm (mean, 20.1 mm).
Microcalcification characteristic
No. (%) of lesions Table 4 . Results of radiological margin measurement for borders with different resection margin status on histopathology.
Abbreviation: DCIS = ductal carcinoma in situ.
B o r d e r s w i t h p o s i t i v e o r c l o s e m a r g i n s o n
histopathology (DCIS involvement within 5 mm of resection margin) also showed significantly smaller radiological margins on specimen radiograph than borders with clear margins (p < 0.001). For borders with a positive or close margin on histopathology, the radiological margin ranged from 0 mm to 17.5 mm (mean, 9.1 mm). These were compared with borders with a clear margin on histopathology, which had radiological margins ranging from 5.1 mm to 45.8 mm (mean, 20.7 mm).
Two ROC curves were plotted according to the radiological margins measured and corresponding histopathological margin status for each border ( Figure  3) . The AUC was 0.87 (95% confidence interval [CI], 0.78-0.96) for prediction of a positive margin and 0.89 (95% CI, 0.82-0.96) for prediction of a positive or close margin.
From the ROC curve, using a 15-mm radiological margin would yield the highest combination of sensitivity and specificity in predicting resection margin status. Using a 5-mm or 10-mm radiological margin would yield a higher specificity, but lower sensitivity. Similarly, using a 20-mm radiological margin would yield a high sensitivity, but lower specificity. The sensitivity and specificity of using 5 mm, 10 mm, 15 mm, and 20 mm as the radiological margin cutoff values are shown in Table 5 .
DISCUSSION
The accuracy of specimen radiograph in predicting resection margin status in early breast carcinoma has been evaluated by various authors in the literature ( of satisfactory accuracy in the evaluation of resection margin status by specimen radiograph. 17, 22 The reported sensitivity and specificity of specimen radiography in predicting resection margin status for early breast cancer ranges from 33% to 75% and 65% to 95%, respectively. 17, [19] [20] [21] [22] [23] [24] [25] [26] Such heterogeneous data may be partially explained by the lack of international consensus regarding the optimal pathological and radiological margin to be used. Pathological margins of no ink on tumour, 1 mm, 2 mm, and 5 mm have all been used in previous studies, while the radiological margins used varied from 0 mm (lesion reaching specimen border) to 15 mm.
The calibre of an acceptable negative surgical margin in breast-conserving therapy for DCIS remains controversial, and values between 1 mm and 10 mm have been proposed. 15 A large group of breast surgeons in the United States were surveyed for the minimal acceptable resection margin for DCIS. Around 12% would accept any negative margin, 22% would accept a 1-mm margin, 52% would accept a 2-mm margin, 10% would accept a 5-mm margin, and 4% would accept a 10-mm margin. 27 The fact that a 2-mm margin is a more commonly accepted value was supported by the study by Neuschatz et al. 28 These researchers have shown that the incidence of residual DCIS at re-excision was correlated with the margin width free of DCIS involvement on the initial surgical specimen: 41% with a <1-mm margin, 31% with a 1-to 2-mm margin, and 0% with a greater than 2-mm margin. 28 A review of 4,660 DCIS patients treated with postoperative radiotherapy found that patients with no ink on tumour or a 1-mm margin had a significantly greater ipsilateral breast tumour recurrence rate than patients with a greaterthan-5-mm clear margin. However, no statistically significant difference in the ipsilateral breast recurrence rate was seen between patients with a 2-mm margin and a greater-than-5-mm margin. 29 Therefore, our study adopted a cut-off of 2 mm for a positive margin and 5 mm for a close margin.
Only a few studies specifically investigated the accuracy of specimen radiography in predicting resection margin status in DCIS. 19, 25, 26 The radiological margins used in these studies ranged from 1 mm to 15 mm. In this study, one of the objectives was to determine the optimal cutoff value of radiological margin to be used for predicting resection margin adequacy for DCIS, and ROC curves showed that a 15-mm radiological margin had the highest combination of sensitivity and specificity. Using a radiological margin of 15 mm was supported by Buggi et al, 26 in predicting a clear resection margin. However, it was understood that choosing cutoff values for radiological margin assessment is a trade-off between sensitivity and specificity, which has been shown by Mazouni et al. 19 Therefore, an optimal cutoff value should be chosen with consideration of whether a patient would benefit from a more sensitive or more specific assessment.
Hence the sensitivity and specificity for different radiological margins were calculated for reference.
ROC curves were used in three previous studies to determine the accuracy of specimen radiographs in predicting resection margin status in breast carcinoma. 17, 19, 23 The ROC curve is a graphical representation of the trade-off between sensitivity and specificity of each possible cutoff value. The AUC of the ROC curves in these studies ranged from 0.63 to 0.79, showing a variable discriminating power of specimen radiography in predicting resection margin status. Only one of these three studies focused on DCIS, and the AUC of its ROC curve was 0.63. 19 Whether a one-view or two-view specimen radiograph should be obtained is another area of debate. Graham et al 23 have suggested that assessment on a single-view specimen radiograph could localise the lesion in only two planes, that is, a lesion that appears to have a clear radiological margin may actually have a positive margin if an appropriate tangential view was obtained. We had a similar experience, and found that some patients had superficial or deep margin involvement despite apparent clear craniocaudal and mediolateral radiological margins on the anteroposterior specimen radiograph.
In the current study, assessments of superficial and deep margins were not included in the statistical analysis because the corresponding radiological margin assessments were not available for histopathological correlation.
The correlation between radiological and histological margins was analysed by border instead of by patient in this study as this better reflects a real-life clinical situation, in which presence or absence of a clear radiological margin should be commented on for each specimen border separately. Only this can provide useful information for surgeons to decide which border requires further excision. For instance, a surgical specimen can have multiple positive margins on histopathology, and the radiological assessment should address the number and location of borders suspected of margin involvement to guide further surgical resection.
Britton et al 17 have compared the orientation of the nearest radiological margin with the nearest histological margin, and found that they correlated in less than half of the cases. In 35% of patients, the nearest radiological margin and nearest histological margin showed a difference of 90° rotation, and in 8% of patients there was a difference of 180° rotation. 17 We suggested that margin assessment should be done on a per-border basis instead of a per-patient basis to reflect such discrepancy. A single patient can have a combination of falsepositive and false-negative borders, so we tried to reflect the actual radio-pathological correlation in each border separately.
Since its introduction by Luini et al in 1996, 30 ROLL has been widely used for localisation of clinically occult lesions prior to surgery. Compared with traditional wire localisation, ROLL has the advantages of more accurate and faster localisation, easier subsequent surgery, and better cosmetic outcome. 31 It has been reported that ROLL can achieve a comparable or superior negative margin rate to wire localisation. 32 Local data have shown that preoperative localisation by ROLL can give a shorter localisation time with a similar negative margin rate when compared with wire localisation. 32 In addition, ROLL has the advantage of allowing simultaneous lymph node biopsy to be performed (sentinel node and occult lesion localisation). The radiation dose to patients and staff has been shown to be minimal. The mean absorbed dose to the patient was 0.45 mGy and was low compared with that of other diagnostic examinations. The finger dose to surgeons, radiologists, and other allied staff was well below the annual acceptable limit. 33, 34 As shown in Table 6 , we only identified one study in the literature evaluating the accuracy of specimen radiograph in predicting resection margin status utilising ROLL as the localising procedure. 26 However, due to the study design, this study did not provide data on the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV), and only provided an overall accuracy rate according to the final outcome of the management protocol. To the best of our knowledge, there has been no previous study reporting the sensitivity, specificity, PPV, and NPV of specimen radiograph in prediction of resection margin status using ROLL as the localisation method.
The specificity of specimen radiography in prediction of resection margin status from our study was similar to previous studies, but the sensitivity appeared higher.
This may be accounted for by the intrinsic differences in study design in terms of the values of radiological and pathological margins used, unit of assessment (per-border assessment vs. per-patient assessment), and the use of different specimen radiograph protocols (one view vs. two views). Furthermore, there may be differences in patients' disease spectra, as this study focused on DCIS patients and most of our patients had intermediate-grade DCIS, with only a small number having co-existing invasive carcinoma. The difference in the AUC of the ROC curves compared with prior studies may also be accounted for by these factors.
There are a few limitations to this study. As a retrospective study, it has inherent limitations. The small sample size from a single centre may limit the generalisability of the results. The lack of radiological assessment of superficial and deep resection margins due to the use of one-view specimen radiographs limits a full assessment of all resection margins. Nevertheless, the results of this study have shown that radiological margin assessment in specimen radiography is a potentially useful tool for predicting resection margin status. By obtaining specimen radiographs to confirm target lesion inclusion within the surgical specimen during hookwire or radionuclide localisation for clinically and sonographically occult lesions, radiological margin evaluation requires no additional tests in contrast to other intraoperative assessment modalities. A larger-scale, prospective, multicentre trial will be useful for further assessment based on the results of this study.
CONCLUSION
Radiological margin assessment on specimen radiography during ROLL showed high accuracy and could be a potentially useful tool for predicting resection margin status in patients with DCIS presenting with microcalcifications.
